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ABSTRACT 
Cirsium altissimum, ~ discolor and suspected hybrids used in this study 
were collected during September 1977 from three locations in east central 
Illinois. All were combined for subsequent taking of data because the study 
dealt with incidence of hybridization and morphological discriminators rather 
than degrees and directions of introgression. Ten possible discriminators were 
chosen by examination of herbarium specimens of ·parental plants: I, Involucre 
width; II, Involucre height; III, Pubescence of upper leaf surface; IV, Angle 
of departure of main veins from the midrib; V, Number of spines per cm along 
the margin, VI, Length of indurate portion of spine; VII, Leaf lobing percent-
age; VIII, Style length; IX, Corolla lobe length; X, Pollen viability. Parental 
groups were assigned by graphing pollen viability against leaf lobing. F-ratios 
calculated between groups showed significant differences at the 95% level in 
the cases of the remaining eight characters. Similarity of each individual 
to a hypothetical extreme set of character· states was computed using a weighted 
matching coefficient (weight=F-1). Two non-overlapping parental curves and 
an intermediate curve of sterile plants were produced. 
It was concluded that Cirsium altissimum and C. discolor were undergoing 
hybridization in Illinois, The areas of hybridization appear to be along 
interfaces created by clearing of trees from land previously conducive to 
the growth of c:~ altissimum. A sterility barrier apparently exists that 
prevents complete swamping in these areas. Field differentiation of the two 
species along these interfaces of apparent active hybridization can be accom-
plished by using leaf lobing, involucre width and height, angle of departure 
of the main veins from the midrib, and spine length. Forms in the field 
that appear intermediate may or may not be hybrids and group assignment. 
must await the lab where morphological discriminators, weighted with the 
F-1 techniqu~, can be combined with sterility data to give good group 
separation. 
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INTRODUCTION 
The thistles (genus Cirsium Mill, family Asteraceae) are a wide-
ranging genus of about 200 species native to the northern hemisphere. 
Of these, 14 species have been reported as native to the northeastern 
United States and adjacent Canada along with two aggressive, naturalized 
weeds from Europe (Gleason, 1952). Within this genus natural hybridiza-
tion has been suggested as a common method of speciation. 
Mention of putative hybridization in the genus Cirsium can be traced 
to the late 1800's and early 1900 1 s (Gray, 1844; Rydberg, 1910; Petrak, 
1917). TWo North American taxa in which hybridization has been studied 
are Cirsium altissimum (L.) Spreng. and_£. discolor (Muhl. ex Willd.) 
Spreng. C. altissimum is characterized as a biennial, or perhaps a 
perennial (Moore and Frankton, 1974), while£· discolor is characterized 
as a vigorous biennial (Johnson, 1974). Both are found throughout most 
of the northeastern United States in a wide variety of habitats, ranging 
from rich woods to open waste places. These two taxa are closely related 
and according to OWnbey and Olson (1969) are placed in the subgenus 
Eucirsium, section Onotrophe, subsection Acanthophylla, series Altissima. 
Natural hybridization involving Cirsium discolor was first discussed 
in detail by OWnbey (1951) in a study of a natural population of£· discolor, 
C. muticum Michx., and suspected hybrids. Later, Frankton and Moore (1963), 
in a cytotaxonomic study involving f.:_ muticum, £· discolor, and£· 
altissimum, found the diploid number of£· discolor to be 2n = 20, while 
for C. altissimum it was 2n = 18. They determined that the total chromatin 
length was not significantly different, which lead to the speculation 
that the reduction in chromosome number within the genus was probably 
brought about through translocations. 
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In 1963, Davidson treated biometric data of morphological characters 
taken from herbarium specimens of Cirsium altissimum, £· discolor, and 
suspected hybrids using the statistical F-test. On the basis of these 
tests he concluded that leaf lobing was of major importance in identifi-
cation; that involucre height, style length, and corolla lobe length 
held a lesser degree of significance; and that leafiness of peduncle, 
involucre width, and pappus length had no taxonomic value. In the same 
study, using subjectively scored characters, Davidson concluded that 
C. altissimum leaves are "moderately prickly", and f_. discolor leaves are 
"very spiny". In an investigation conducted somewhat concurrently with 
that of Davidson (1963), but published in 1964, OWnbey studied a population 
of both species and suspected hybrids. Using the characteristic of leaf 
lobing percentage in apposition with pollen sterility and mature achene 
percentages, he concluded that C. altissimum and C. discolor do hybridize 
in nature, at least at a local level, and probably over much of their 
sympatric ranges. 
In the present study an attempt is made to enlarge on the studies of 
Davidson (1963) and OWnbey (1964) and to shed more light on discriminative 
morphological characteristics through recently developed statistical 
techniques for weighting of characters (Adams, 1975). 
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MATERIALS AND METHODS 
Plants used in this study were collected during September 1977 
from three locations in east central Illinois. Population 1 was from 
the NE\, Sect 3, TllN, R9E, Coles County. Population 2 was from W \, 
Sect. 15, TllN, R9E, Coles County. Population 3 was from SE t, Sect. 26, 
Tl3W, R21N, Vermillion County. Because of the diffuse distribution of 
the populations all apparent plants in each of the areas were collected. 
Because of their size, populations 2 and 3 were later reduced to forty 
individuals each by making discards using a random number table, while 
population 1 was considered in its entirety because of its limited size. 
In this study the two population samples and the one population were 
considered as one for ease in calculations and because this study deals 
with incidence of hybridization and morphological discriminators rather 
than degrees and directions of introgression. 
Examination of herbarium specimens of parental plants for morphological 
differences led to a choice of ten characters as possible discriminators. 
Of these, characters I, II, VIII, and IX were used by Davidson (1963), 
while characters VII and X were used by OWnbey in his study of 1964. 
The ten characters studied are listed below along with the method by 
which measurements were taken. Involucre width and height (I and II) 
of heads in anthesis prior to achene maturation were measured before 
pressing to avoid the distortion encountered by Davidson (1963). 
Measurements of all leaf characters (III - VII) were taken on each of 
five mid-cauline leaves. In all cases except pollen viability (X) as 
many measurements as possible, up to five, were made and a mean was 
taken (Table .1). 
I, Involucre width was measured in mm at the widest part of the 
base using calipers. 
II. Involucre height was measured in mm using the calipers. 
III. Pubescence of upper leaf surface was measured using an ocular 
grid in a dissecting microscope. Multicellular epidermal hairs were 
counted in a field .5 cm x .5 cm and multiplied by four to give multi-
cellular epidermal hairs per cm. 
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IV. Angle of departure of main veins from the midrib was measured 
in degrees using a vein near the center of the leaf. An imaginary line 
was extended along the vein's direction of departure from the main vein 
as in Figure 1. 
v. Spines along the margin were counted for a distance of one 
centimeter near the leaf's central portion. Measurements were made using 
an ocular micrometer in a dissecting microscope and expressed as spines 
per cm. 
VI, Length of indurate portion of spine was expressed in mm and was 
measured as the previous character. A major spine was noted by naked eye 
and then measured. The distance measured is shown in Figure 2. 
VII, Leaf lobing percentage (OWnbey, 1964) was used rather than leaf 
lobing index (Davidson, 1963) because it appeared to be more consistent. 
An imaginary line was run along the midrib and another line parallel to 
it was run through the apex of the longest lobe, excluding the apical 
spine. A line perpendicular to these two lines was made between the two 
Table 1. Mean character values and similarity scores: Al-A47, Cirsium altissimum group; Il-I38, indeter-
minate group; Dl-D12, £.:_ discolor group. AE, the£.:_ altissimum group extreme, was used as a reference 
point for similarity values, For characters and units see bodt of text. 
SPECIMEN MEAN CHARACTER VALUE SIMILARITY 
IDENTIFICATION TO 
NUMBER I II III IV V VI VII VIII IX X AE (%) 
Al 14.2 22.6 148.0 44.2 11.6 1.44 21.2 25.0 5.6 86,0 69 
A2 14.3 21,0 175.0 48.4 11.0 2.07 5.4 26.6 5.2 94.0 70 
A3 15,2 18.9 212.8 52.2 12,2 1.51 0.8 22.2 5.4 99.5 77 
A4 15.8 18.5 171.2 45.6 11.8 1.57 4.4 22.5 5.5 99.5 72 
AS 13.2 17.9 256.8 44.2 10.0 0.84 2.5 
---- ---
99.5 82 
A6 13.5 21.8 288.0 46.0 10.4 1.37 3.8 25.3 6.2 99.0 73 
A7 15.l 21.8 212.0 44.8 10.4 1.62 2.0 25.4 5.4 98.2 67 
AB 13.6 24.4 240.8 52.0 12.4 0.99 OA 24.4 7.2 96.0 74 
A9 16,4 21.3 110.4 52.2 7.6 1.80 4.6 25.3 6.0 99.5 65 
AlO 14.2 22.2 135.2 53.0 9.6 1.58 1.4 25.0 5.7 96.5 72 
All 14.1 20.6 122.4 45.2 8.8 1.40 3.0 27.4 5.5 98.5 70 
A12 14.0 25.l 178.4 37.8 10.0 1.36 1.0 26.0 5.2 99.5 62 
Al3 15.5 22.2 146.4 46.4 10.8 1.13 2.0 22.1 5.4 96.5 69 
V1 
Table 1. Continued. 
SPECIMEN MEAN CHARACTER VALUE SIMILARITY 
IDENTIFICATION TO 
NUMBER I II III IV V VI VII VIII IX X AE (io) 
A14 15.2 23,2 186.4 52.6 10.4 0.93 0.0 24.7 6.8 98.5 71 
Al5 12.7 19.4 187.2 36.8 9.2 0.92 0.4 24.5 5.3 96.5 74 
Al6 13.6 22.5 127.2 41.4 9.4 1.58 2.7 
---- ---
99.5 68 
Al7 14.5 23.2 161.6 45.2 9.6 1.49 3.3 
---- ---
100.0 67 
Al8 13.9 23.4 199.2 48.6 10.4 1.20 0.6 24.5 5.5 96.5 72 
A19 14.3 20.5 111.1 46.4 9.0 ' 1.39 2.8 21.5 4.6 97.0 73 
A20 13.2 20.4 84.0 46.2 10.2 1.56 1.3 22.8 5.4 97.5 75 
A21 13.9 21.5 97.6 53.8 11.2 1.32 4.6 25.7 5.2 94.5 76 
A22 14.4 21.9 148.0 44.0 10.6 1.32 1.8 25.3 5.0 90.8 69 
A23 15.8 24.1 200.0 42.4 12.2 1. 78 4.0 26.6 6.4 94.5 61 
A24 13.l 22.0 223.2 48.8 14.8 1.90 3.2 26.5 6.1 91.0 75 
A25 13.8 20.8 102.4 50.8 8.6 0.93 1.6 25.1 5.7 93.5 76 
A26 12.3 21.8 150.4 43.4 10.2 1.24 3.2 23.2 5.8 88.9 75 
A27 12.3 21.2 163.2 41.2 12.8 1.25 0.0 24.7 5.9 87.5 75 
A28 13.1 21.0 135.2 51.2 7.4 1.31 1.4 23.1 5.5 88.1 76 0\ 
Table 1, Continued. 
srncrMEN MEAN CHARACTER VALUE SIMILARITY 
IDENTIFICATION TO 
NUMBER I II III IV V VI VII VIII IX X AE (%) 
A29 12.6 20.1 98.4 56.8 - 7.2 1.00 2.0 ---- --- 89.5 .. 83 
A30 13.6 22.6 186.4 37.8 9.2 1.21 0.8 24.0 5 .8 . 84.6 67 
A31 15.l 20.9 111.2 49.2 10.8 1. 67 3.8 23.8 5.1 80.0 71 
A32 14.6 23.0 232.8 52.2 16 8 1.94 3.6 28.3 5.8 70.5 70 
A33 15.7 25.2 156.8 41.2 11.0 1.51 0.0 30.2 7.8 74.0 56 
A34 14.9 21.1 193.6 53.4 12.6 2.24 6.0 25.2 6.3 98.0 71 
A35 14.7 19.5 293.6 45.8 14.0 1.92 5.7 25.7 6.2 97.0 73 
A36 14.3 22.0 143.3 49.2 9.8 2.31 9.4 22.1 5.7 100.0 69 
/\37 14.1 22.8 240.0 46.2 10.8 1.87 11.8 25.3 5.3 99.0 68 
A38 12.7 20.5 68.0 39.8 7.6 1.33 12.4 ---- --- 98.0 72 
/\39 14.0 18.7 300.8 46.8 11.6 0.94 12.9 28.4 6.3 95.0 77 
A40 15.7 25.5 197.6 49.0 14.0 2.24 15.l 27.7 6.3 94.5 61 
A41 14.8 23.4 256.8 49.8 13.8 1.80 10.4 31. 9 7 .4 89.0 66 
A42 14.9 19.6 95.2 60.6 8.6 1.41 10.0 22.8 5.3 78.0 79 
A43 14.6 16.9 171.2 48.2 10.2 2.04 8.0 22.1 4.4 78.0 77 
---J 
A44 12.2 21.5 85.6 46.0 9.8 1.96 5.8 24.8 5.6 73.5 73 
Table 1. Continued. 
SPECIMEN MEAN CHARACTER VALUE SIMILARITY 
IDENTIFICATION TO 
NUMBER I II III IV V VI VII VIII IX- X AE (%) 
A45 14.6 18.4 184.8 55.0 9.6 1.57 14.9 18.6 4.6 77 .5 81 
A46 12.8 20.4 128.0 52.4 9.6 2.10 16.9 23.3 5.7 96.6 76 
A47 14.8 23.9 128.8 59.0 9.8 2.13 18.4 22.7 6.5 90.0 70 
11 12.9 21.4 119 .2 45.2 9.0 1. 70 4.5 22.6 5.0 63.9 73 
12 13.7 20.2 246.4 56.2 14.6 0.92 0.0 22.9 5.3 26.0 85 
13 17.1 22.8 151.2 47.0 9.6 1.31 0.3 26.6 5.5 2.0 62 
14 13.6 21.23 158.4 45.0 9.6 1.37 6.8 22.9 5.1 59.0 68 
IS 13.3 18.9 124.0 47.0 9.0 2.15 5.7 23.3 5.1 50.7 74 
16 16.9 22.5 165.6 53.6 8.6 1.80 19.8 26.1 7.6 15.0 63 
17 14.5 23.0 122.4 45.6 9.8 2.24 24.2 22.2 4.9 65.0 66 
' 
18 14.5 24.4 120.8 53.0 7.2 2.40 27.5 24.9 6.2 23.0 65 
19 13.8 ---- 80.8 41.0 8.6 2.41 36.l 23.6 5.7 98.0 65 
Il0 12.7 20.3 124.8 46.2 9.8 2.65 36.7 20.0 4.4 98.0 74 
Ill 16.6 17.0 143.2 54.4 9.4 0.72 35.3 27.4 6.3 1.0 76 0) 
Table 1. Continued 
SPECIMEN MEAN CHARACTER VALUE SIMILARITY 
IDENTIFICATION TO 
NUMBER I II III IV V VI VII VIII IX X AE (%) 
112 17.3 25.0 88.8 40.0 8.6 2.58 49.2 29.5 6.1 98.0 48 
I13 16.0 21. 6 297.6 47.0 10.0 2.18 48.2 24.9 4.9 59.0 65 
114 15.2 24.1 136.0 51.8 10.0 2.29 48.2 24.0 5.4 40.0 65 
115 20.0 27.2 109.6 35.6 9.4 3.23 64.7 ---- --- 3.0 34 
116 18.3 25.8 100.0 42.2 8.6 2.39 60.2 26.4 6.6 3.5 47 
I17 16.6 26.3 148.0 45.4 11.2 2.79 68.2 ---- --- 42.5 53 
118 17.0 25.7 132.8 37 .4 12.2 3.48 81.8 19.8 4.1 8.0 50 
119 23.0 26.7 128.8 44.8 9.8 2.62 85.7 23.5 4.8 20.5 38 
120 22.5 27.7 112 .8 38.6 9.8 2.61 85.6 25.4 5.6 13.0 33 
121 25.8 25.7 64.0 40.2 8.6 2.75 87.7 27.6 6.2 ---- 26 
122 16.0 22.1 114.4 49.4 8.6 2.40 63.6 25.l 6.2 ---- 62 
123 ---- ---- 115.2 59.6 8.0 1.54 40.8 ---- --- ---- 71 
124 ---- ---- 184.0 63.2 10.8 2.30 20.2 ---- --- ---- 74 
125 14.9 18.2 109.6 59.2 12.0 1.53 14.0 ---- --- ---- 83 
126 14.5 17.4 92,8 41.6 10.2 1,23 20.0 23.4 5.4 ---- 75 \,C) 
Table 1. Continued. 
SPECIMEN 
IDENTIFICATION 
NUMBER 
127 
128 
129 
I30 
131 
132 
!33 
134 
I35 
I36 
I37 
I38 
Dl 
D2 
D3 
I 
14.0 
14.0 
13.7 
14.1 
13.6 
14.3 
18.1 
13.7 
14.0 
15.l 
13.7 
----
16.2 
19.0 
II III 
23.6 76.0 
20.1 134.4 
19.6 136.0 
18.8 87.2 
19.4 119.2 
22.0 141.6 
22.8 212.0 
24.5 177.6 
19.7 235.2 
23.0 149.6 
24.3 191.5 
----
156.0 
21.4 149.6 
89.6 
25.6 88.8 
MEAN CHARACTER VALUE 
IV 
54.8 
46.4 
46.2 
39.8 
49.6 
56.2 
52.0 
40.4 
35.2 
47.0 
52.2 
35.8 
32.2 
41.0 
35.0 
V 
7.8 
10.2 
11.0 
10.4 
10.0 
10.4 
9.0 
8.6 
11.6 
11.4 
8.8 
8.2 
7.8 
6.2 
7 .4 
VI 
1.49 
1.30 
1.83 
1.53 
2.34 
1.47 
1.40 
1.44 
1.04 
1.67 
1.36 
1.04 
2.97 
1.21 
3.97 
VII 
1.8 
1.2 
4.1 
7.4 
12.6 
0.9 
0.2 
1.6 
2.0 
8.6 
1.6 
0.6 
66.1 
72.1 
77 .6 
VIII 
----
----
----
24.1 
----
23.0 
24.8 
25.5 
----
24.6 
22.1 
----
26.3 
24.5 
30.5 
IX 
---
---
---
6.0 
---
5.5 
5 .4 
6.3 
---
5.5 
5.8 
---
5.8 
4.9 
7.0 
X 
----
----
----
----
----
----
----
----
----
----
----
----
93.5 
81.0 
99.0 
SIMILARITY 
TO 
AE (%) 
. 72 
75 
75 
71 
74 
76 
62 
63 
72 
67 
72 
42 
52 
47 
33 
t--' 
0 
Table 1. Continued 
SPECIMEN MEAN CHARACTER VALUE 
IDENTIFICATION 
NUMBER I II III IV V VI 
D4 17.4 26.1 92.8 36.2 8.0 2.45 
D5 21.0 24.9 106.5 35.8 8.2 3 .21 
D6 23.4 26.6 171.2 34.2 8.2 2.32 
D7 19.0 27.5 86.4 36.8 8.4 2.01 
D8 20.4 27.4 157.6 34.2 9.8 2.06 
D9 22.3 28.9 195.2 39.4 10.8 3.39 
D10 25,6 27.9 112.8 32.8 7.4 2.43 
Dll 23.9 26.3 135.2 39.4 8.2 2.13 
Dl2 29.5 28.2 124.8 36.6 6.6 2.30 
VII VIII IX 
75.7 26.2 6.2 
79.4 27.9 6.3 
80.9 28.l 6.0 
85.4 24.1 6.2 
85.0 27.1 5.9 
88.1 33.2 7.0 
89.5 32.6 7.4 
85.4 28.3 6.6 
90.1 33.0 7.8 
X 
97.5 
89.5 
75.0 
98.5 
97.0 
95.0 
93.5 
92.0 
96.5 
SIMILARITY 
TO 
AE (%) 
. 45 
35 
30 
42 
38 
27 
18 
33 
10 
t-' 
t-' 
Figure 1. Leaf from 114 illustrating measurement of character IV 
(angle of d~parture of main veins from the midrib): A, angle mea-
sured. 
A IM 
/ 
/ 
xl 
12 
Figure 2. Indurate portion of spine: A, distance measured using 
an ocular mi~rometer. 
xlO 
13 
14 
through the bottom of the sinus above the longest lobe. The percentage 
was obtained by dividing the distance from the sinus to the outer imaginary 
line by the distance from the midvein to the outer imaginary line 
(Figure 3). Measurements were made using a cm rule. 
VIII. Style length was measured in mm from the tip of the style to the 
apex of the ovary using flowers in anthesis. 
IX. Corolla lobe length in mm was taken from flowers in anthesis 
using the ocular micrometer and dissecting microscope. 
X. Pollen viability was determined when suitable flowers were 
available, using aniline blue lactophenol. TWo hundred pollen grains 
from each plant were counted and viability was reported as a percentage. 
15 
Figure 3. Leaf outline from 116 illustrating measurement of character 
VII (leaf lobing percentage). calculation of percentage was as follows: 
distance A/ distance Bx 100 = % . 
r 
I 
I 
I 
I 
T 
I 
I~ 
B xl 
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DATA ANALYSIS AND DISCUSSION 
All populations in this study were located in transition zones from 
flood plain forests to upland forest. Each area had been subjected to 
tree removal of some form. Population 1 occured along a roadside that 
had been maintained by mowing. Population 2 was in an area along field 
edges and fence rows. Many of the individuals in this population were 
collected in a clear area through which a cross country power line 
extended. Population 3 was collected along fence rows and from field 
edges. Some of the individuals from all populations were collected from 
within the woods. Cirsium altissimum grows in partial shade in wooded 
areas while£, discolor grows in areas receiving full sunlight such as 
fields, open woods and waste ground (Mohlenbrock, 1975; Ownbey, 1964). 
The hybridized habitats (Anderson, 1949) created by the disturbances noted 
at the collection sites were presumably an interface along which parental 
plant& could grow in close proximity, thus optimizing the chances for 
hybridization and survival of hybrids. 
Davidson (1963) determined with a degree of reliability that leaf 
lobing was of paramount importance in determining parental groups. In 
1964 OWnbey correlated high pollen sterility with intermediate leaf 
lobing. When pollen viability was graphed as a function of leaf lobing% 
(Figure 4), two definite clusters of individuals were apparent, thus 
reinforcing the value of the two characters in discrimination. Those 
individuals having pollen viability greater than 7CJ% and having leaves 
17 
Figure 4. Pollen viability graphed as a function of leaf lobing to 
effect group separation. Group A was considered as equivalent to Cirsium 
altissimum and group D was considered as equivalent to C. discolor. 
Group I was relegated to the indeterminant group. Number~in circles are 
class frequencies. 
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lobed less than 25% were assigned to the Cirsium altissimum group (A), 
Those having pollen viability greater than 70% and having leaves lobed 
greater than 65% were assigned to the C. discolor group (D). Other 
plants were assigned to an indeterminant group (I) on the basis of 
relative low pollen viability, no available pollen data, or intermediate 
leaf lobing. 
The F-ratio between groups A and D was calculated for each character. 
All characters measured displayed significantly different variances 
between groups at the 95% level except character X (pollen viability) 
which displayed an F-ratio of 1.49 x 10-5 (Table 2). The exceedingly 
high F-ratio of character VII (leaf lobing%) and the corresponding low 
F-ratio of character X (pollen viability) were expected because of their 
initial use as discriminators in developing Figure 4. For this same 
reason they were excluded from subsequent calculations. 
Discrepancies between the obtained F-ratios and Davidson's (1963) 
results for common characters were immediately apparent (Table 2). The 
differences encountered in the involucre F-ratios were grotesquely 
dissimilar. Involucre width, in particular, was non-significant in the 
1963 study (Davidson) but the F-ratios displayed a high degree of signifi-
cance in the present study. Davidson's (1963) measurements for these 
characters were taken from pressed herbarium specimens·while those in the 
present study were taken before pressing. Pressing was noted to greatly 
distort involucre shape from an urn shape to a flat fan shape. The other 
discrepancies noted might have been attributed to morphological variation 
in different parts of the species range but were most probably due to 
methodology in assigning individuals to parental groups. Recognition by 
two researchers who "knew" the species was used by Davidson (1963). 
Table 2. Summation of character values used in figuring character weights and 'ideal' extremes, with com-
parison to Davidson's (1963) results where applicable: AE, group A extreme; DE, group D extreme. For char-
ncters and units see body of text. 
CHARACTER HIGH LOW RANGE F DAVIDSON WEIGI-IT AE m: 
VALUE VALUE (1963) (F-1) 
1 29.5 12,2 17.3 139.2 1.095 138.2 12.2 29.5 
II 28.8 17.0 11.8 56.2 4.413 55.2 17.0 28.8 
III 300.8 44.2 256.6 6.0 
-----
5.0 300.8 44.2 
IV 63.2 32.8 30.4 52.4 
-----
51.4 63.2 32.8 
V 14.8 6.2 8.6 18.1 
-----
17.1 14.8 6.2 
VI 3.97 o. 72 3.25 41.9 ----- 40.9 o. 72 3.97 
VII 90.1 o.o 90.1 1617.0 296.833 
VIII 33.2 18.6 14.6 18.6 6.150 17.6 18.6 33.2 
IX 7.8 4.1 3.7 8.1 7.251 7.1 4 .1 7.8 
X 100.0 0.0 100.0 1.49xlO -5 
I-' 
'° 
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Utilization of the two characters leaf lobing and pollen viability, as 
supported by the work of Davidson (1963) and OWnbey (1964), has hopefully 
led to a less subjective assignment process. 
A hypothetical "ideal" set of character states was constructed for 
group A and group Dusing the extreme closest to the mean of each group 
for each character state. Similarity of each individual within groups 
A, D, and I to the group A extreme was computed using a weighted matching 
coefficient (weight= F-1) as described by Adams (1975) (Table 1). This 
procedure was similar to Anderson's (1949) mean hybrid index although 
its purpose was not to elucidate the distribution of a hybrid swarm, but 
to establish a distribution for the two parental groups between the 
extremes. The weighting technique allowed more significant characters, 
as defined by the size of the F-ratios, to make a larger contribution to 
an individuals placement in the distribution. If two curves displaced 
from each other toward opposite extremes could be generated by the 
parental groups, then generation of an intennediate curve by suspected 
hybrids, as determined by sterility factors, could be considered as 
evidence of hybridization across a sterility barrier. 
A histogram (Figure SA) based on this data revealed no overlap of 
groups A and D. Group A displayed a distinctly bell-shaped outline with 
a mode in the 70 - 74% similarity region. The group D outline was cryptic, 
probably due to lack of sufficient specimens to generate the expected 
curve. It was interesting to note that the mode occurred in the 30 34% 
similarity region which was central in the group D range, although 
attaching a great deal of importance to the fact would be presumptuous. 
Figure SB is a histogram of group I on the same similarity axis. The 
distribution in the group I data displayed essentially the same shape 
Figure 5. Distribution of individuals between group D extreme (0.0 % 
similarity) and group A extreme (100.0 % similarity): A, Distribution 
of parental groups. Group Dis below the 55% similarity level. Group 
A is above the 55% similarity level. B, bistribution of group I. 
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as the combined data for groups A and D, which would be expected if no 
hybridization were occurring. When, however, only those individuals 
having pollen viability less than 50'7, were considered (50% being somewhat 
arbitrary but related to the expected frequency of surviving pollen when 
a single reciprocal translocation occurs) a very interesting phenomenon 
occurred. Reference to Figure SB showed three modes clustered about 
the group delimiter (55% similarity) established in Figure SA. If signi-
ficance is attached to this occurence it would indicate a group of inter-
mediate sterile plants which would be expected if hybridization were 
occurring in the presence of sterility barriers. Once again extreme 
caution must be exercised because the paucity of representative specimens 
does not allow generation of a distinct curve. 
CONCLUSIONS 
Cirsium altissimum and£, discolor are undergoing hybridization in 
Illinois, and probably over the whole sympatric range as indicated by 
Iowa (Davidson, 1963) and Wisconsin (OWnbey, 1964) studies. The areas 
of hybridization appear to be along interfaces created by clearing of 
trees from land previously conducive to the growth of£· altissimum. 
A sterility barrier apparently exists, as supported by evidence from 
this study and that of OWnbey (1964), that prevents complete swamping 
23 
in these areas. Field differentiation of the two species along these 
interfaces of apparent active hybridization can be accomplished by using 
leaf lobing, involucre width and height, angle of departure of main 
veins from the midvein, and spine length. Forms in the field that appear 
intermediate may or may not be hybrids and group assignment must await 
the lab where morphological discriminators, weighted with the F-1 technique 
as described by Adams (1975), can be combined with sterility data to 
give good group separation. 
Adams, R. P. 
stability. 
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